A rapid and sensitive method for the detection and unambiguous typing of infectious bronchitis virus (IBV) is described. RNA was isolated from IBV-infected allantoic fluid and was transcribed into cDNA. This cDNA was amplified by the polymerase chain reaction. The polymerase chain reaction products were subsequently analyzed on an agarose gel. The presence of IBV-specific RNA in the allantoic fluid then allowed the amplification of a 438-bp DNA fragment from the nucleocapsid (N) 
A rapid and sensitive method for the detection and unambiguous typing of infectious bronchitis virus (IBV) is described. RNA was isolated from IBV-infected allantoic fluid and was transcribed into cDNA. This cDNA was amplified by the polymerase chain reaction. The polymerase chain reaction products were subsequently analyzed on an agarose gel. The presence of IBV-specific RNA in the allantoic fluid then allowed the amplification of a 438-bp DNA fragment from the nucleocapsid (N) gene. For the typing of IBV isolates, we used amplified double-stranded DNA as a template in a sequencing reaction. We report 360 bases of the N gene of 18 IBV isolates. The sequence of the N gene was different between serologically indistinguishable IBV strains and may be a valuable tool in epidemiologic studies. A phylogenetic tree that was based on the sequences obtained did not agree with trees that were based on other parts of the sequence, illustrating the high frequency of recombination between IBV strains.
Infectious bronchitis virus (IBV) is a major cause of disease in domestic fowl. The virus has a worldwide distribution, and many different variants have been isolated (14, 17-19, 26, 31-33) . Because of the financial losses caused by the virus, a fast and sensitive virus detection method is of interest to the poultry industry. There are, however, no standardized methods for the detection and classification of IBV strains; each laboratory must rely on its own methods. Virus detection is most commonly achieved by enzymelinked immunosorbent assays, using either monoclonal or polyclonal antibodies. A disadvantage of serological tests is that new serotypes might be missed.
Besides the detection of IBV strains, identification (i.e., differentiation between isolates) is also important for disease prevention. An objective identification system is a prerequisite for studies of the epidemiology of the infections caused by the virus. Classification of new IBV isolates is mostly by neutralization tests in ovo or in organ and cell cultures (2, (14) (15) (16) 23) . These methods are rather time-consuming and are not always unambiguous (18, 31, 32) . Furthermore, they require virus growth in eggs or in organ or cell culture and monospecific antisera to the new isolate. As an additional disadvantage, the data obtained in one laboratory cannot be compared directly with those from another laboratory.
We describe here a detection and identification method which consists of two parts. Only the first part, polymerase chain reaction (PCR) amplification of reverse-transcribed RNA, needs to be performed for virus detection. This detection method is both fast and sensitive. The second part, direct sequencing of the PCR products, results in an objective strain identification, independent of any reference strains or sera. This part is more laborious, but it needs to be performed only on those samples that require strain identification.
* Corresponding author.
MATERIALS AND METHODS
Virus strains. Table 1 Table   2 ). The mixture was overlaid with 50 RI of paraffin oil (Merck). The DNA was denatured at 95°C for 8 min. The first two cycles consisted of a denaturing at 95°C for 1 min, an annealing at 50°C for 2 min, and an extension at 72°C for 3 min; this was followed by 40 cycles of denaturing (1 min, 95°C), annealing (2 min, 55°C), and extension (3 min, 72°C).
The final extension was at 72°C for 10 min. Southern blotting of PCR products. The amplified DNA was separated on a 1.5% agarose gel, transferred to Hybond-N (Amersham), and hybridized with an IBV-specific probe as described previously (35) . The probe consisted of nucleotides 102 to 482 (numbering is as described previously [8] ) of a cDNA fragment of the nucleocapsid (N) gene from strain M41U.
Sequencing of PCR products. The amplified DNA was analyzed on an agarose gel. The IBV-specific band (438 bp) was recovered from the gel with powdered glass (Bio 101) according to the description of the manufacturer. Sequencing reactions were performed by using the Pharmacia T7 sequencing kit with primer IBVN3, IBVN4, or IBVN5 (Table 2 ) and one-half to one-fourth of the recovered DNA as a template. All sequences were determined on both strands of the DNA. To eliminate potential cDNA and PCR errors, the sequence analysis was repeated by using a new Location' IBVN1 (-) 5'-ACCCTTACCAGCAACCC-3' 445-461 IBVN2 (+) 5'-GTCTTGTCCCGCGTGTA-3' 24-40 IBVN3 (+) 5'-GCCCCAGCTCCAGTCAT-3' 135-151 IBVN4 (+) 5'-CATGGATATTGGAGACG-3'
303-319 IBVN5 (-) 5'-ATCTGGGACTGGTTTTC-3' 352-368 a-, lower strand; +, upper strand. Primers IBVN1 and IBVN2 were used for PCR, and primers IBVN3, IBVN4, and IBVN5 were used for sequencing. I Numbering corresponds to that of Boursnell et al. (8) .
cDNA reaction to provide an independent template for a second set of PCR amplifications. As was to be expected, since the sequence obtained represents the statistical average of all amplified DNAs, no nucleotide differences were observed between the independent reactions. The sequences have been submitted to the EMBL data library (see "Nucleotide sequence accession numbers," below). Sequence alignment and phylogeny. Sequences were aligned by using the Clustal programs (21, 22) . Phylogenetic trees were derived from nucleotide difference matrices by using the programs of J. Felsenstein (University of California, Berkeley) distributed as part of the PHYLIP package (20) .
Nucleotide sequence accession numbers. The EMBL accession numbers for the PCR products are X58002 and X58004-X58021.
RESULTS
Choice of primers for PCR and sequencing. A successful diagnostic PCR amplification method requires a set of oligonucleotide primers that is capable of hybridizing to the genome of all IBV strains. In order to identify a region of the IBV genome that is sufficiently conserved between different IBV strains, we aligned all available IBV sequences. Sequence data on a sufficient number of isolates are available for only three regions of the IBV genome: the El gene (6, 9, 11, 36) , the E2 gene (5, 7, 25, 27, 29, 36) , and the N gene (8, 36, 38) . From these alignments it appeared that the N gene is well conserved; in contrast, the variability within the El and the E2 genes is too high to guarantee a successful PCR amplification of all field isolates.
To locate the region within the N gene with the highest degree of conservation, we aligned the nucleocapsids of all members of the Coronaviridae whose sequences were present in the EMBL and GenBank libraries (releases 24 and 60, respectively). The highest degree of conservation between the nucleocapsid proteins of the different coronaviruses is located at the N terminus (8) (data not shown). A set of PCR and sequence primers ( Table 2) was deduced from the alignment of this region of the N gene of IBV strains KB8523 (36), M41U (38) , and M41H and M42H (8) .
Isolation of RNA and amplification of cDNA. For a diagnostic PCR method, it is essential to have a fast and simple protocol for the preparation of the input template. Total RNA was isolated from IBV-infected allantoic fluid. This RNA was used directly in the cDNA reaction without removing chicken rRNA, tRNA, or mRNA. Primer IBVN1 was used to obtain IBV-specific cDNA from this crude RNA preparation. Aliquots of this cDNA were prepared from all strains listed in Table 1 and were used directly in the PCR amplification with primers IBVN1 and IBVN2. For all strains, DNA fragments of the expected size (438 bp) were observed after agarose gel electrophoresis of the amplified products (Fig. 1A) . With some isolates, we also observed some additional bands. Southern blotting with the M41U nucleocapsid probe showed that all amplified DNA bands contained the N gene (Fig. 1B) .
Sequencing. For epidemiologic studies, it is essential to identify differences between isolates. To achieve this we sequenced the amplified DNA. Unequivocal determination of the sequences was sometimes hampered by the presence of a cross-band, i.e., a band that was present in two lanes and that prevented the identification of the nucleotides at those positions. Such bands were observed at a frequency of about one ambiguous band per 150 nucleotides. If a cross- Fig. 2 .
Phylogeny. The sequence data that were obtained were used for the construction of a phylogenetic tree. The alignment of the nucleic acid sequences from Fig. 2 was used to calculate a distance matrix from which the most likely phylogenetic tree was inferred (Fig. 3) Nonserological differentiation methods such as polyacrylamide gel electrophoresis (13), nucleic acid hybridization (10) . and oligonucleotide fingerprinting (12, 28) are not hampered by the appearance of new IBV isolates and result in an objective typing system. These methods are, however, complex and labor-intensive and require large amounts of highly purified virus particles.
As shown in this study. PCR on reverse-transcribed RNA results in a potent technique for the detection of IBV. In comparison with classical detection methods, PCR-based techniques are both sensitive and fast. We did not test the sensitivity of our test in detail, but visualization of PCRamplified cDNA from suspect eggs can be achieved within 24 h. Additional data on the specificity of the signal (Southern blotting of the PCR products) and typing of the isolate (sequencing of the PCR products) can be achieved within an additional 24 and 48 h, respectively.
When this report was under review, two papers on the use of PCR for IBV detection were published (1, 30) . In contrast to Andreasen et al. (1), who used extensively purified viral RNA as a template for their IBV-specific PCR, we isolated total RNA (viral and cellular) directly from the allantoic fluid of IBV-infected eggs. The E2 gene-derived S1 subunit is thought to contain the serotype-specific epitopes. For this reason, Lin et al. (30) used the E2 gene-derived S2 subunit gene for their PCR amplification. Our nucleotide alignment of the E2 region indicates that because of the high variability of this region, their PCR primers probably will not anneal to the genomes of strains D1466U and V1397U. Within the E2 gene, sequence differences between IBV strains can be as high as 50% (29) (data not shown). Because of this high variability, the genomic region encoding the E2 gene subunit is not suitable for the development of a PCR-based detection method. In addition, serotype-specific epitopes have not been identified unambiguously at the molecular level, and thus, information on the DNA sequences does not allow the prediction of serotypes. Because of the high variability of the E2 gene, a PCR detection method that is based solely on E2 gene sequences will not detect all IBV variants. PCR amplification of E2 as performed by Lin et al. (30) can be valuable when it is combined with N gene-based PCR. Such a test will provide optimal detection, because of the conservation of the N gene, and if there is a successful amplification of the E2 gene region, it will provide maximum sequence variation for typing IBV strains.
We showed that the N gene-derived region selected for PCR amplification is sufficiently conserved to allow hybridization of both the PCR and the sequence primers as well as the DNA fragment used as a probe in the Southern blotting. Southern blotting allows for stringent washing of the blots, thus eliminating the chance of false-positive results. Although the method described here allows for the sequence determination of only some 2% of the total IBV genome, it contains enough mutations to result in an isolate-specific sequence. This is essential for strain identification and, thus, is useful in epidemiologic studies. (27) . For some strains (e.g., M4iU and V1397U), the topology of the N gene-derived tree differs markedly from the topology of the tree derived from the Ti fingerprinting data. There are also discrepancies between the N gene-derived tree and those based on the Si, S2, and M genes (27) . This supports our previous assumption (27) 
